® 


J 


Europaisches Patentamt 
European Patent Office 
Office europ 'en des br vets 


llllllililillillllllllilllllllll 


© Publication number: 


0 530 952 A1 


® Application number: 92306204.6 
(g) Date of filing: 06.07.92 


EUROPEAN PATENT APPLICATION 

® Int. CIA B29C 61/06, H02G 15/18 


® Priority; 05.08.91 US 740311 

® 

Applicant: MINNESOTA MINING AND 



MANUFACTURING COMPANY 

® Date of publication of application: 


3M Center, P.O. Box 33427 

10.03.93 Bulletin 93/10 


St. Paul, Minnesota 55133-3427(US) 

@ Designated Contracting States: 

© 

Inventor: Lambert, Robert Lincoln, c/o 

DE PR GB IT 


Minnesota Mining and 



Manufact. Co., 2501 Hudson Road, P.O. Box 



33427 



St. Paul, Minnesota 55133-3427(US) 


0 

Representative: Baillie, lain Cameron et al 



c/o Ladas & Parry, Altheimer Eck 2 



W-8000 Munchen 2 (DE) 


@ Cover assembly of expanded elastomeric tubing having frangible support core structures. 


® A cover assennbly includes an expanded 
elastomeric tube (12) supported in the expanded 
state by an internal frangible support core (14). The 
support core (14) possesses sufficient strength to 
resist contraction of the tube (12) but will break upon 


the addition of relatively little additional external 
force. Breakage of the core allows the tube to con- 
tract and securely cover and seal to the object to 
which the cover assembly is applied. 
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Technical Field 


The invention relates to expanded (radially 
stretched) elastonneric tubing which is retained in 
the expanded condition by a rigid core prior to use. 

Background Art 


One nnethod of environmentally protecting 
and/or electrically insulating an object is by provid- 
ing an expanded elastonneric tube which is nnain- 
tained in the expanded condition, positioned over 
the object to be protected and then allowed to 
contract into intinnate contact with the object 
"Expanded condition" as used herein refers to ra- 
dial stretching of the elastomeric tubing, but not 
significant longitudinal stretching. Such tubing finds 
particularly useful application in the electrical in- 
dustry where it is used to cover, environmentally 
protect and electrically insulate electrical connec- 
tions, such as splices between two electrical con- 
ductors. 

There are several methods of maintaining elas- 
tic tubes In the expanded condition prior to applica- 
tion. These methods usually involve the use of a 
rigid support structure which has dimensions great- 
er than the dimensions of the elastic tube in an 
unstretched condition. Suitable support structures 
may be positioned inside or outside the expanded 
tube to firmly hold the tube in an expanded con- 
dition. 

U.S. patent no. 3,515.798 is assigned to the 
assignee of the present invention, is hereby incor- 
porated by reference and discloses an internal sup- 
port for an expanded elastomeric tube in the form 
of a continuous narrow strip of tough flexible ma- 
terial in the form of a substantially rigid closed helix 
having adjacent coils interconnected. This helical 
internal support is removed by pulling one end of 
the strip of material and thereby unwinding and 
removing the internal support to allow the tube to 
contract. 

U.S. patents 4,585,607; 4,070,746 and 
4,656,070 disclose expanded elastomeric tubes 
which are retained in an expanded condition by an 
external form to which the expanded tube is bon- 
ded. The external form is separated from the ex- 
panded tube either by chemically weakening the 
bond between the form and the tube or breaking 
the form and peeling it away from the tube. 

The problem associated with any of the prior 
patents described above is disposal of the retaining 
device or its remnants. 

Disclosure of Invention 


The above-mentioned problem of disposal of 
the retaining device for an expanded core is solved 


in accordance with the present invention by provid- 
ing an expanded elastomeric tube with an internal 
support of a frangible material and structure which 
may be broken into pieces or shards which will not 
5 substantially prevent the tube from contracting to 
provide its protective function. All or most of the 
pieces of the once-supportive core will be retained 
within the contracted elastomeric tube and thus 
need not be the subject of subsequent disposal. 

10 It is possible to fabricate the support core, and 

thus the expanded elastomeric tube, in basic cylin- 
drical tubular forms as well as shapes of more 
complex geometry. It is important that the support 
core structure be strong enough to maintain the 

76 elastomeric tube in an expanded condition and not 
collapse prematurely. Also it is necessary that the 
support structure collapse upon application of suffi- 
cient, but not excessive, external pressure to the 
tube beyond that exerted by the expanded tube 

20 itself. Upon breakage of the core, the tube then 
shrinks or recovers so that it approaches its original 
dimensions. In addition, for purposes of this inven- 
tion, it is preferred that the frangible structure dis- 
integrate, producing many small fragments of the 

25 original support structure. The smaller the frag- 
ments, the easier will be their accommodation with- 
in the contracted tube. 

Accommodation of the crushed core fragments 
is an important feature of this invention. Because of 

30 this feature there are no surplus materials which 
need disposal after a product of this invention, e.g. 
a shrinkable tube, has been installed. By way of 
example, a shrinkable tube may be used, in a 
typical application, to insulate and environmentally 

35 seal a bare wire connection or splice which is part 
of an electrical circuit or wire harness. In the sim- 
plest case, an expanded cylindrical structure or 
tube of this invention is positioned around the bare 
wire junction formed by connecting the metal cores 

40 of two insulated wires. Sufficient pressure is then 
applied to the outer surface of the expanded tube 
to cause the frangible support structure or core to 
break and allow the elastomeric tube to shrink 
towards and surround the wire junction. 

45 Selection of the expanded tube for this applica- 

tion must consider the volume occupied by the 
wire junction and the available volume inside the 
tube after shrinking. For correct application it 
should not be possible for the tube to recover to its 

50 original dimensions. Rather it is desirable that the 
installed tube continue to be under some tension 
so that it fits snugly over the wire junction and 
exerts pressure against the wire junction. This is 
desirable so that core fragments are firmly held 

55 within the tube, environmental contaminants are 
denied access and the wire junction is effectively 
insulated. 
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Core fragments, from a collapsed core, must 
be as small as possible to facilitate accommodation 
within the conformable tube. If the fragments are 
too large it will be difficult to prevent gaps between 
the wire junction and the inner surface of the tube. 
Such gaps may be sufficient to allow fluids to 
penetrate the protective tube. A variety of core wall 
structures have been investigated to keep the size 
of collapsed core fragments to a minimum. In some 
cases the wall of the core may be formed as a 
continuous structure, while In others the walls are 
discontinuous, lattice-like or perforated. These 
open-walled structures provide additional free 
space for the accommodation and retention of 
crushed core fragments. 

Retention of the fragments may be further im- 
proved by coating the inner surface of the support 
structure with a semi-fluid adhesive or sealant ma- 
terial. When the core is crushed this inner coating 
will flow around the core fragments to hold them in 
place and seal off any void space. Thus a mul- 
tilayer structure may be advantageous. Other lay- 
ers which may be incorporated in the structures of 
this invention include those which provide elec- 
tromagnetic or electricat shielding, dielectric stress 
control or are electrically conductive. 

Brief Description of Drawings 

The present invention will be more particularly 
described with respect to the accompanying draw- 
ings, wherein like numbers refer to like parts in the 
several views, and wherein: 

Figure 1 is a perspective view of an expanded 
elastomeric tube and internal support core ac- 
cording to the present invention; 
Figures 2 - 12 are perspective views of addi- 
tional embodiments of the support core of the 
invention of Figure 1 ; and 

Figure 13 is a perspective view of an alternate 
embodiment of the elastomeric tube, its support 
core and an additional, internal layer. 

Detail Description 

Figure 1 illustrates a cover assembly of the 
present invention, generally indicated as 10, which 
includes an outer tube 12 and a frangible, inner 
support core structure 14. The tube 12 is made of 
a flexible, elastic material which may be stretched 
to several times its original dimensions and recover 
to its original size and shape, or substantially so, 
when the stretching force is released. Some suit- 
able materials are described in U.S. patent no. 
3,515,798 incorporated herein by reference. No re- 
striction is anticipated on the chemical nature of 
the tube 12 material except that it must possess 
elasticity which allows it to be stretched then shrink 
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to its original dimensions. Rubbery elastomers 
such as natural rubber, synthetic rubber, silicone 
polymers and similar materials may be used In the 
form of expandable tubes 1 2 for the present inven- 
5 tion. Preferred materials are ethylene-propylene- 
dlene monomer terpolymers (EPDM). These ma- 
terials may be formulated to a variety of composi- 
tions which exhibited differences in expansion and 
ability to recover. 

10 The core 14 of Figure 1 is a continuous-walled 

cylindrical tube. A distinguishing feature of this 
core 14 of the invention is its ability to collapse on 
demand by breaking. This feature is achieved by 
adjusting the composition and the wall thickness of 

15 the core. When these properties are correctly se- 
lected it will be possible for the core to withstand 
the recovery forces exerted by an elastic tube 12 
yet, by the application of relatively little additional 
pressure, readily collapse and disintegrate. The 

20 support core 14 of Figure 1 comprises a brittle 
resin which may be filled with a variety of par- 
ticulate materials. Suitable resins may be selected 
from the general classes of polystyrenes, polyes- 
ters and polyacrylates. Preferred brittle resin com- 

25 ponents include rapid cure (4 to 5 minutes) epoxy 
resins, amine cured, tv^o-part epoxies, transparent 
styrene polyester resins and solvent soluble ac- 
rylate resins. Unfilled resin cores 14 in useful wall 
thicknesses were not found to be sufficiently in- 

30 flexible to maintain the shape of expanded elastic 
tubes 12. It is. therefore, believed necessary to 
incorporate reinforcing fillers such as fibers, flakes, 
microbubbles or microbeads, before the core 14 is 
formed. The fillers improve strength and deforma- 

35 tion resistance. They also facilitate crack propaga- 
tion within a collapsing core 14. 

As an alternative to filled resin cores 14 It has 
been demonstrated that thin-walled ceramic forms 
may also be used as collapsible-on-demand sup- 

40 port structures. Considering all types of materials, 
including thermoplastic resins, thermoset resins, 
glasses and ceramic materials which are useful as 
core 14 materials, the preferred continuous resin 
phase comprises a two-part epoxy which is cured 

45 and cross linked with a poly functional amine cur- 
ing agent, with the preferred composition of the 
core 14 structure being this resin filled with micro- 
beads in the range of 50 to 60 micrometers in 
diameter and a 1:1 ratio by volume of beads to 

50 resin. Ratios below approximately 1:2 render the 
core too flexible and ratios above approximately 
2:1 render the core 14 too brittle to support the 
tube 12. Microbeads in the diameter range of 20 - 
100 micrometers have been found effective, but the 

55 range described above is preferred. 

The ability of the core 14 to collapse on de- 
mand is linked to the careful selection of resin and 
filler components which comprise the core 14. It is 
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possible to provide alternative collapsible cores 
which rely upon the design of the wall structure for 
their frangibility. Figures 2 through 7 are repre- 
sentative of supporting cores, 16 through 26 re- 
spectively, of this invention, which have specially 
designed wall portions. The design features in- 
cluded in the walls facilitate either the rate of 
collapse of the core 16 - 26 or the size, shape 
and/or unifornnity of the fragnnents produced on 
disintegration. 

The core 16 of Figure 2 is provided with a 
longitudinal helical groove 28 inscribed on the inte- 
rior surface of the core 16. The wall at the in- 
scribed helix 28 is relatively thinner than the rest of 
the core 16. The portion at the helix 28 is thus 
relatively weaker than other parts of the core 16. 
When pressure is applied to this type of core 16, 
the resulting strain is relieved through the helical 
groove 28 where crack propagation and core 16 
collapse is initiated. As expected, fragments of the 
collapsed core 16 reflect the shape of a helix. A 
core 16 designed as in Figure 2 provides a support 
core 16 structure which propagates cracks longitu- 
dinally but does not necessarily produce the de- 
sired small fragments. 

In a similar fashion the support core 18 of 
Figure 3 encourages longitudinal crack propagation 
within the stressed structure. Either monofilament 
or multifilament fibers 30 embedded lengthwise at 
points around the circumference of the core 18 
help to maintain the integrity of the core 18 until 
pressure is applied. Upon distortion the core 18 will 
collapse effectively via crack development along 
the length of the embedded fibers 30. Once again 
there is, in this case, little control of core fragment 
size. 

Figure 4 depicts a resin core 20 which utilizes 
randomly distributed fibers 32 to reinforce the core 
20 when the core 20 is used in the static state to 
only support the tube 12, but provides crack Initi- 
ation and propagation sites when It is desired and 
enough force is applied to collapse the core 20. 
After breakage, the web 32 also acts to connect the 
core 20 pieces and help retain them within the tube 
12. This core 20 may be produced by impregnat- 
ing a non-woven web with a suitable resin and 
thereafter forming the tubular support core 20. The 
fibers 32, thus incorporated in the core 20, are of 
relatively long length. 

The design of support cores 22 - 26 shown in 
Figure 5 through 7 offer the most control over the 
size of the fragments generated when the core 22 - 
26 breaks. Support core 22, Figure 5, incorporates 
voids 34 which may vary in shape and dimension. 
The core 22 of Figure 5 shows a perforated core 
22 containing circular voids 34. Figures 6 and 7 
illustrate support cores 24 and 26 which have a 
woven-fiber (Figure 6) or fiber overlay (Figure 7) 


structure. These cores 24 and 26 are constructed 
using resin-impregnated, multi-filament thread 36. 
Monofilament thread has usually been found to 
render the cores 24 and 26 too flexible to be of use 

5 in the present application, although the use of 
brittle monofilaments such as glass filaments might 
be useful. The presence of voids within and around 
the thread 36 causes points of weakness in the 
support cores 24 and 26. Under pressure the cores 

10 24 and 26 relieve stress via failure at multiple sites. 
The resin-coated thread 36 structures have been 
observed to collapse by folding and breaking at 
points of weakness rather than fiber fracture. An- 
other advantage of the open weave core 22, 24 or 

75 26 is the value of the void space which provides a 
volume to accommodate the wall fragments during 
collapse. 

The previous description of the cover assembly 
10 has focused on the simple form of a cylindrical 

20 tube. Other forms are equally useful and may be 
supported on cores 38 - 46 illustrated by way of 
example in Figures 8 through 11. 

Containment of the fragments of a disintegrat- 
ing core 14-46 may be facilitated by including a 

25 fluid, frequently insulative, viscous sealant material 
as part of the support structure. The resulting de- 
sign includes multiple layers. Figure 13 shows a 
typical multilayer cover assembly 48 structure. In 
this case the expanded elastic tube 50 is supported 

30 on a frangible cylindrical core 52 which may be 
any of the designs previously discussed. The in- 
side surface of the core 52 Is coated with a layer of 
mastic or other suitable viscous material 54. This 
multilayer tubular structure may be positioned, for 

35 example, over an electrical wire connection and 
pressure applied, causing the core 52 to collapse. 
As the elastic tube 50 recovers, it exerts pressure 
on the sealant 54. This sealant 54 in turn engulfs 
the wire connection preventing ingress of unwanted 

40 contaminants. Simultaneously the sealant 54 flows 
around the fragments generated by the collapsing 
core 52. The sealant 54 then serves to fill the void 
space which exists around the wire connection and 
confine the core 52 fragments, sealing them 

45 against the inner surface of the elastic tube 50. 
Ultimately the wire connection is insulated and 
effectively sealed off from any environmental con- 
tamination. 

The properties of the sealant layer 54 may be 
50 modified by incorporation of functional materials. 
For instance, by careful selection of the concentra- 
tion of a range of conductive or semi-conductive 
particulates it is possible to provide sealant layers 
54 which possess a variety of desirable attributes. 
S5 Sealant layers useful for Insulating, controlling di- 
electric stress and shielding have been demon- 
strated. A number of layers having different desir- 
able properties may be incorporated within the 
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core 52 beyond the one layer illustrated in Figure 5. 
13. 

Cover assemblies have to date been construct- 
ed manually by spirally winding release paper on a 
mandrel and coating the paper with core material. 5 6. 
The cured tubular core structure nnay be removed 
from the mandrel, the release paper removed and 
covered by the elastomeric tube by stretching the 7. 
tube with grippers such as pliers, or the 
elastomeric tube may be stretched over the core io 
while the core is In place on the mandrel. The 8. 
structure pieces may be cut to length before or 
after removal from the mandrel and either as an 
assembly or individually. It is anticipated that more 
automated construction will be possible. 75 9. 

The present invention has thus been described 
with respect to a number of embodiments. How- 
ever, alternative means for carrying out the inven- 
tion will suggest themselves to one skilled in the 10. 
art. For example, the outer expandable tube 12 of 20 
Figure 1 is shown trimmed to the same length as 
the support core 14. In some applications it may be 
beneficial to vary the length of the tube 12, allow- 
ing it to extend beyond one end or both ends of 
the core to more completely contain the broken 25 
fragments of the core 14 and seal more securely to 
the object covered. In addition, when especially 
brittle cores are used, it may be necessary to 
dimension the parts so that the core extends be- 
yond the ends of the tube. Otherwise the tube may 30 
cause premature collapse of the core by progres- 
sively crumbling the core ends. 


The cover assembly of claim 1 wherein said 
core includes fibers imbedded therein to facili- 
tate breakage of said core. 

The cover assembly of claim 5 wherein said 
fibers are monofilaments. 

The cover assembly of claim 1 wherein said 
core includes voids and is thus discontinuous. 

The cover assembly of claim 7 wherein said 
core is formed from shaped fibers and said 
voids are spaces between said fibers. 

The cover assembly of claim 1 further includ- 
ing at least one additional layer within said 
core of a viscous, sealant material. 

The cover assembly of claim 9 wherein said 
viscous, sealant material is a mastic. 


Claims 


A cover assembly comprising: 

a stretchable, elastomeric tube capable of 
recovering at least a portion of Its original size 
and shape after being stretched and released; 
and 

a frangible inner support core sized and 
possessing sufficient strength to support said 
tube in a radially stretched condition, said core 
further being susceptible to breaking upon the 
application of force beyond that produced by 
said tube, so that the application of sufficient 
force causes breakage of said core, thus per- 
mitting contraction of said tube. 


35 


40 


45 


2. The cover assembly of claim 1 wherein said 
core is constructed of a brittle resin. 


50 


The cover assembly of claim 2 wherein said 
resin is epoxy. 

The cover assembly of claim 1 wherein said 
core includes a helical groove along its length 
to facilitate breakage of said core. 


55 
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